Background
==========

Vitamin D (VitD) and parathyroid hormone (PTH) represent pillars in the homeostasis of calcium and bone metabolism, through their reciprocal regulation. PTH enhances the tubular reabsorption of calcium and stimulates the kidney to transform the 25-hydroxyvitamin D \[25(OH)D\] in the 1,25-dihydroxyvitamin D, the most metabolically active form of VitD.^[@R1],[@R2]^ VitD favors reabsorption of dietary calcium and phosphorus by increasing the efficiency of intestinal calcium absorption by 30--40% and phosphorus absorption by about 80%,^[@R1],[@R3]^ reducing PTH levels. The 25(OH) VitD is considered the best marker of the VitD status.^[@R4]^ A close inverse relationship between VitD serum levels and PTH exists: indeed, in the case of VitD insufficiency, parathyroid gland is stimulated to release PTH.^[@R5]--[@R9]^ Recently, VitD insufficiency has been proposed to be linked to increased cardiovascular risk (CVR) through multiple mechanisms,^[@R2],[@R10]^ including regulation of the renin--angiotensin system,^[@R11]^ alteration of insulin secretion and insulin sensitivity,^[@R12],[@R13]^ impairment of angiogenesis^[@R14]^ and modulation of inflammatory processes inducing atherogenesis.^[@R15]^ Nevertheless, the role of VitD in predicting cardiovascular outcomes is at most controversial, and remains unestablished,^[@R16],[@R17]^ given the fact that controlled clinical trials fail to prove the efficacy of VitD supplementation to reduce CVR and events.^[@R18],[@R19]^ Similarly, a role for serum PTH elevation in CVR derives from data on primary and secondary hyperparathyroidism caused by renal failure: both conditions are associated with hypertension and increased risk of cardiovascular events, including myocardial infarction, stroke and cardiovascular death.^[@R20],[@R21]^ Within these conditions, it is not possible to distinguish the possible role of PTH, given the malignancy associated with primary hyperparathyroidism and chronic kidney failure.

A regulatory role for PTH in the cardiovascular system is based on the findings that PTH receptors are expressed in the heart and the vessels.^[@R22]^ Still, the CVR of elevated PTH and the benefits of PTH-lowering in the general population have not been established.

The aim of the present investigation was to establish the association between serum VitD, PTH and CVR in a general population.

Methods
=======

Study design and population
---------------------------

This is an observational study conducted on the general population in six Southern Italy villages: Castelnuovo Cilento, Salerno, Polla, Sarno, San Gregorio Magno and Satriano di Lucania. A total of 808 participants (45% men and 55% women, 14--85 years) were recruited during the XI, XII and XIII World Hypertension Day that occurs every year on 17 May. The study was approved by the relevant institutional Ethical Committee of Salerno University. Written informed consent was obtained from all participants. The study is registered in the ClincalTrial.gov database (NCT03305276).

### Data collection

On the occasion of the World Hypertension Day 2015--2017, boots were organized in the major squares of the mentioned villages, and volunteers of the Medical School of Salerno collected through means of questionnaires the anamnesis and dietary habits. They also measured blood pressure (BP) after 5 min in the sitting position, three times with an interval of 2 min using validated, European Society of Hypertension (ESH) approved electronic oscillometers (A100, Microlife, Padua, Italy), according to the European Society of Cardiology/ESH Guidelines.^[@R23]^ Anamnestic information also included questions on previous cardiovascular conditions or events (coronary heart disease) and cerebrovascular accidents (transient ischemic accidents and stroke). Ongoing therapy and VitD supplementation were also annotated. A venous blood sample was drawn from the antecubital vein, and blood was collected for biochemical analysis at the University Hospital Centralized Service. Data were digitally stored for analysis.

Anamnesis and biochemical data regarding age, sex-specific cholesterol, HDL cholesterol, SBP, cigarette smoking, preexisting conditions and lifestyles were used for the calculation of CVR according to the Framingham Cardiovascular Risk Score.^[@R24],[@R25]^ Familiarity for cardiovascular disease was defined as cardiovascular events in parents and siblings less than 50 years old.

### Laboratory assessment of blood samples

A venous blood sample was collected in two tubes of 5.0 ml and centrifuged the same day. The time of the last meal was recorded during the data collection. Blood glucose, insulin, blood urea nitrogen (BUN), creatinine, calcium, phosphorus, total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides, VitD and PTH were assessed. Glomerular filtration rate was estimated (eGFR) using the equation of Chronic Kidney Disease Epidemiology Collaboration.^[@R26],[@R27]^

Grouping and statistical analysis
---------------------------------

For statistical analysis, out of 808 volunteers, we selected participants aged 20--80 years old, as Framingham risk score can only be calculated up to 80 years old. Availability and quality data check was performed. Furthermore, we used the statistical identification of outliers, and data above or below 3 SD were excluded for VitD, PTH and eGFR (Fig. [1](#F1){ref-type="fig"}). In the end, the analysis was performed on 451 participants. Participants were divided into three age groups (20--40, 41--60 and 61--80 years old) for selected statistical purposes, as indicated. We used the lowest quartile of VitD and the highest quartile of PTH as the cutoff for the identification of low-VitD (\<9 ng/ml) or high-PTH (\>49.5 pg/ml) populations.

![Flowchart describing the selection process leading to the size of population included in the analysis.](jcarm-19-62-g001){#F1}

Frequencies are reported as a percentage (%), whereas continuous variables are presented as a mean ± standard error. The Student *t* test was used to compare continuous normally distributed variables, after calculation of the equality of variances with test *t* of Levene. The Bonferroni method, for the analysis of contrasts in average, was used in the analysis of the variance in presence of more than two populations to compare. The bivariate correlation was made to evaluate the association between the variables of interest. Linear regression was used for the estimation of the expected value of a dependent variable (i.e. PTH and CVR) to fixed factors and covariates (age groups, VitD). The interaction between fixed factors and covariates was also assessed. All data were analyzed by G.I. and R.G. using SPSS IBM Corporation, United States of America version 23.0. The significance was set for values of *P* less than 0.05.

Results
=======

Baseline characteristics of overall population
----------------------------------------------

Overall population features are shown in Table [1](#T1){ref-type="table"}. The prevalence of CVR factors is in line with the European estimates: 47.6% of hypertension, 7% of diabetes and 32.8% of smokers. In the general population, SBP and age have a positive correlation (Pearson correlation *r* = 0.528, *P* \< 0.001), as expected. A significant share of the population shows low levels of VitD, and the 59.7% of participants have serum levels of VitD below 20.0 ng/ml. In particular, 19.1% has deficiency (below 10.0 ng/ml) and 40.6% has insufficiency (between 10.1 and 20.0 ng/ml). Within the deficient group, women are predominant with a percentage of 66.3%.

###### 

Baseline characteristics and laboratory values of the study population

  -------------------------------------- -------------
  Age (years)                            51.8 ± 0.73
  Male (%)                               44.5%
  Female (%)                             55.5%
  Weight (kg)                            73 ± 7.8
  BMI (kg/m^2^)                          27.0 ± 0.24
  SBP (mmHg)                             129.2 ± 0.8
  DBP (mmHg)                             78.2 ± 0.5
  HR (bpm)                               71.8 ± 0.6
  Blood glucose (mg/dl)                  81.4 ± 1.1
  Triglycerides (mg/dl)                  110.6 ± 3.3
  HDL cholesterol (mg/dl)                59.2 ± 0.73
  Total cholesterol (mg/dl)              198.5 ± 1.9
  LDL cholesterol (mg/dl)                121.1 ± 1.9
  BUN (mg/dl)                            32.5 ± 0.4
  Creatinine (mg/dl)                     0.84 ± 0.02
  eGFR (ml/min/1.73 m^2^)                92.4 ± 0.8
  25(OH)D (ng/ml)                        18.3 ± 0.42
  PTH (pg/ml)                            38.5 ± 1.13
  Smoking (%)                            32%
  Diabetes (%)                           7%
  Hypertension (%)                       47.6%
  Framingham risk score (%)              5.38 ± 0.32
  Prevalence cardiovascular events (%)   9.8%
  -------------------------------------- -------------

All values are means ± standard errors unless otherwise stated. BMI, body mass index; BUN, blood urea nitrogen; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HR: heart rate; PTH, parathyroid hormone; SBP, systolic blood pressure.

Vitamin D and cardiovascular risk
---------------------------------

As expected,^[@R28],[@R29]^ VitD and PTH inversely correlate (Fig. [2](#F2){ref-type="fig"}). No effect of aging was observed on VitD (data not shown), whereas PTH increases along groups of age (*R*^2^ = 0.061, *P* \< 0.001). The relationship between VitD and PTH, though, remains significant at each age group (20--40, 40--60 and 60--80 years, Fig. [2](#F2){ref-type="fig"}). No effects of age on the relationship between VitD and PTH were observed in a multivariate analysis that included PTH as the dependent variable, and groups of age as a fixed factor and VitD as a covariate (VitD: *F* = 35.931, *P* \< 0.001; age groups: *F* = 17.517, *P* \< 0.001; VitD × age groups: *F* = 1.232, *P* = 0.293).
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We then assessed the potential relationship between VitD and CVR. In our population, no linear regression was described between the two variables (*B* = 0.043; *F* = 0.818; n.s.). Similarly, low-VitD participants presented the same Framingham Risk Score as the control group (5.5 ± 0.38 vs. 4.9 ± 0.6, respectively, n.s.).

Parathyroid hormone and cardiovascular risk
-------------------------------------------

We then assessed the effect of PTH on CVR. Given the association between age and PTH, it is possible to speculate that PTH serum levels might be a better predictor of CVR. Indeed, in the Framingham CVR calculation, age represents an important determinant. First, we divided the population according to high and low PTH levels in serum, using the above described 75 percentile of serum PTH as a cutoff (49.5 ng/ml). High-PTH participants show higher CVR (7.47 ± 0.7 vs. 4.6 ± 0.35; *P* \< 0.001). Furthermore, PTH and CVR are in linear regression (*R* = 0.034; beta = 0.184; *F* = 15.553; *P* \< 0.001). Given the interaction between PTH and age, to identify the independent role of PTH, we tested the effect of PTH on CVR in a model including also age groups (multivariate analysis). Although, as expected, CVR increases with age (*F* = 124.85, *P* \< 0.001), also PTH effect on CVR is statistically significant (*F* = 24.231, *P* \< 0.001) and independent from age (PTH × age: *F* = 0.169, n.s.).

Focus on people with age between 41 and 60 years
------------------------------------------------

We hypothesized that if the driving mechanism of PTH on CVR is older age, this would limit the significance of our results, given the obvious impact of age on CVR. Therefore, to attenuate the effect of aging on the predictive role of PTH on CVR, we decided to compare participants with normal and elevated PTH in an age range that does not affect significantly CVR, that is in the group ranging from 41 to 60 years. At this age, high PTH levels identify participants with double CVR (6.35 ± 1.27 vs. 3.75 ± 0.37, *P* \< 0.001). Apparently, the only determinant of the increased risk is the SBP, all the other parameters being similar between the two groups, including eGFR (Table [2](#T2){ref-type="table"}). Confirming what observed in Fig. [2](#F2){ref-type="fig"}, people with higher PTH also show significantly lower VitD values (Table [2](#T2){ref-type="table"}).

###### 

Cardiovascular risk factors, renal function and vitamin D status in people with age between 41 and 60 years and parathyroid hormone groups

                                                                Age 41--60     PTH \< 49.5    PTH ≥ 49.5    
  ------------------------------------------------------------- -------------- -------------- ------------- -------------
  Framingham risk score (%)                                     5.4 ± 6.7      3.7 ± 0.37     6.4 ± 1.3     ***0.008***
  [^a^](#TF2-1){ref-type="table-fn"}Age (years)                 51.61 ± 0.39   51.3 ± 0.44    52.9 ± 0.8    0.21
  [^a^](#TF2-1){ref-type="table-fn"}Male (%)                    36             46.2           50.0          0.752
  [^a^](#TF2-1){ref-type="table-fn"}Female (%)                  64             65             58            
  [^a^](#TF2-1){ref-type="table-fn"}Smoking (%)                 31             31             31            0.566
  [^a^](#TF2-1){ref-type="table-fn"}Diabetes (%)                4              4              4             0.182
  Blood glucose (mg/dl)                                         81.0 ± 1.51    78.5 ± 1.6     89.7 ± 4.3    ***0.001***
  Hypertension (%)                                              42             42             42            0.942
  [^a^](#TF2-1){ref-type="table-fn"}SBP (mmHg)                  128.6 ± 1.61   127.5 ± 1.3    134.1 ± 2.6   ***0.012***
  DBP (mmHg)                                                    80.8 ± 0.70    79.8 ± 0.8     84.3 ± 1.5    ***0.008***
  [^a^](#TF2-1){ref-type="table-fn"}Total cholesterol (mg/dl)   209 ± 2.87     206.71 ± 3.1   217.8 ± 6.3   0.328
  [^a^](#TF2-1){ref-type="table-fn"}HDL cholesterol (mg/dl)     59.7 ± 1.05    60.0 ± 1.2     58.6 ± 2.4    0.797
  LDL cholesterol (mg/dl)                                       129.9 ± 2.5    126.4 ± 2.9    142.1 ± 5.0   ***0.009***
  BUN (mg/ml)                                                   31.5 ± 0.5     31.7 ± 0.6     30.7 ± 1.1    0.654
  Creatinine (mg/dl)                                            0.79 ± 0.01    0.79 ± 0.11    0.80 ± 0.02   0.729
  eGFR (ml/min/1.73 m^2^)                                       93.6 ± 0.8     93.9 ± 0.9     92.5 ± 1.71   0.666
  PTH (pg/ml)                                                   35.4 ± 1.41    27.2 ± 1.1     64.6 ± 1.7    ***0.001***
  VitD (ng/ml)                                                  18.56 ± 0.6    19.6 ± 0.7     14.8 ± 1.1    ***0.020***

BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; PTH, parathyroid hormone; VitD, vitamin D.

^a^Identifies the variables used for calculation of Framingham Risk Score. All values are means ± standard errors unless otherwise stated. *P* values are based on Analysis of Variance or Pearson chi-square test for categorical variables.

Significant differences are indicated in bold italics.

Discussion
==========

Our data propose two major advancements of knowledge. First, within the general population, VitD levels fail to associate with CVR. Second, PTH, a VitD dependent hormone, is a more reliable predictor of CVR and affects in particular SBP.

Although increasing evidence accredits PTH as a relevant player in CVR,^[@R20],[@R21],[@R28]--[@R30]^ the underlying mechanism is still unclear: a possible explanation relates to the interference with other classical CVR factors. In our population, indeed, we show that PTH increases with age, weight, BMI, SBP, LDL and BUN. In particular, our paper shows for the first time the close relationship between age and PTH. Consequently, also the normality ranges for PTH should consider aging. In our study, we identify 49.5 pg/ml as the upper limit. Using this cutoff, we can draw two major results. First, the group with at least 49.5 pg/ml of PTH presents higher CVR. The inverse correlation between PTH and VitD appears preserved, being the VitD values significantly lower in the group with elevated PTH. In this population, though, the increased CVR can be attributed to aging, which can also be considered as the cause of increased PTH. In particular, age-dependent contraction of the kidney function expressed as the reduction of eGFR and increasing of BUN values can cause altered homeostasis of calcium/phosphate and consequent secondary hyperparathyroidism.^[@R31]^ To exclude an effect of age *per se* on the increased CVR, we limited our analysis to the population comprised between 41 and 60 years old. In this group, PTH is not influenced by kidney function, which remains similar between high and low PTH groups (Table [2](#T2){ref-type="table"}). Moreover, the relationship with VitD is preserved. PTH still predicts the CVR in this subgroup. To finally identify the independent effect of PTH on CVR, we run a multivariable linear modeling, including parameters of aging and PTH levels to correlate significantly and independently with CVR.

The second result is that in a younger and homogenous population, the association between elevated PTH and doubled CVR can be explained by the increased BP, as all other parameters (age, sex, smoking, diabetes, total cholesterol and HDL cholesterol) remain similar between high and low PTH groups. In this group, lower VitD is the only determinant of PTH levels, and therefore its deficiency can lead to increased BP values by increasing PTH.

The use of 49.5 pg/ml as a cutoff for PTH confirms the need to have reference values for each age group for this parameter. We propose that different ranges should be considered for different age groups. Indeed, excluding the elderly and kidney failure, at the age 41--60 years, participants with elevated PTH show significantly higher values of BP, glucose and LDL.

The molecular mechanism underlying the increased BP has not been elucidated. A number of pieces of evidence suggest that PTH has vascular effects. Endothelial dysfunction is one mechanism thought to link PTH to vascular changes: PTH, indeed, may increase serum levels of endothelin-1 and IL-6.^[@R32],[@R33]^ Furthermore, PTH may stimulate the vascular smooth muscle cells to produce factors including collagen and beta-1 integrin which could, in turn, remodel the peripheral vasculature.^[@R34]^ PTH may increase renin release and activate the renin--angiotensin system,^[@R35],[@R36]^ a complex process mediated by serum calcium, renal 1-alpha hydroxylase and resultant changes in 1,25(OH)2D.^[@R37],[@R38]^

Our study does not allow the identification of the mechanisms underlying the increased BP associated with increased PTH; hence this issue deserves further specific investigation.

Perspectives
============

Although in the general population VitD fails to predict CVR, PTH represents a more reliable and promising biomarker. Although PTH increases with aging, also in younger populations, the cutoff of 49.5 ng/ml can predict increased CVR. The major determinant is the increase of SBP values. Being the variation of PTH values in this age group almost exclusively linked to VitD deficiency, the supplementation of VitD may become an important stronghold to reduce the CVR through the decrease of serum PTH values.

Limitations
===========

Our study, although performed in a significantly large population, has clear geographical limitations, and these results need to be replicated in larger studies including different geographical areas in Italy and in the world. Moreover, a prospective design is not included in our observation, and therefore, we cannot draw outcome implications from our results.

Novelty and significance
========================

What is New: PTH is a better biomarker than VitD to predict CVR.

What is Relevant: Although PTH increases with aging, also in younger populations, the cutoff of 49.5 pg/ml can predict increased CVR. In this younger population, the major determinant of Framingham CVR is the increased SBP. A descending hypothesis is that VitD supplement might reduce PTH levels and BP values, normalizing cardiovascular risk.
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